I. INTRODUCTION Modular Multilevel Converter Static Synchronous
Compensator (MMC-STATCOM) has attracted wide attention as a kind of reactive power compensation device in electric power system. It has the advantages of highly modular, easy to expand, convenient redundant design, the independent active power and reactive power control, high output voltage quality [1] [2] [3] [4] .
MMC topology [5] has gradually been introduced into the high-voltage Direct Current transmission (High Voltage Direct Current, HVDC) and the Unified trend Controller (Unified Power Flow Controller, UPFC) [6] . Scholars mainly concern the mathematical modeling of MMC structure, analysis of circulation, sub module voltage control strategy, dc voltage control, the transient simulation, harmonic analysis and suppression [8] [9] [10] [11] [12] [13] .
The MMC-STATCOM mathematical model is studied in this paper and the parameter corresponding relations with the traditional STATCOM is derived. It simplifies the MMC-STATCOM parameter analysis. In addition, a modified modulation method called Carrier Pulse Phase-Shifting (CPPS) is proposed. The MMC -STATCOM control system are designed based on MMC -STATCOCM mathematical model and CPPS modulation method. Finally, a five level MMC -STATCOM model is built in MATLAB/SIMULINK to verify the performance of the design.
II. MMC STATCOM MATHEMATICAL MODELING
In Figure I , the MMC-STATCOM topology is shown. The SM (Sub Modular, SM) in upper and lower arm switch are complementary in order to ensure MMC-STATCOM DC link voltage constant. The number of input SM at any time for each phase is N.
Assuming that the SM capacitor voltage is constant and the value is c V . The DC side voltage is dc V , which will satisfy (1) and (2) at any time.
where, 1, 2, 3( , , ) j a b c  ,the number of sub modular for the upper bridge arm is Pj n , the number of sub modular for the lower bridge arm is Nj n . Therefore, each bridge arm is equivalent to a voltage source, the equivalent circuit of MMC-STATCOM is shown in Figure II .
International Since the AC output side of MMC-STATCOM is connected to the reactor, it could guarantee that the output voltage current is more approximate to the sine wave to a certain extent. Therefore, we make the following assumptions: It should be explained that when the device has internal active power loss, the DC bus voltage is no longer a fixed value. According to Figure II , formula (3) can be got on the base of KVL.
Formula (4) can be got on the base of formula (3):
On the AC side of MMC-STATCOM formula (5) can be got
Formula (6) can be got according to formula (4) and (5) (
where the equivalent inductance can be expressed as
.The formula (6) indicates that the upper and lower bridge arm inductances can be equivalent to the AC output side and the equivalent inductors are connected in parallel. The formula (6) can be written as three-phase mathematical equation.
The number of SM in the MMC-STATCOM is 6N, namely there are 6N capacitor voltage variables, while the number of capacitor voltage variably reduces to 6 according to hypothesis (3) . In addition, the sub module voltage fluctuates based on the rated voltage, so the voltage can be divided into two parts. One part is the DC rated voltage and the other part is AC the fluctuation components. Therefore, the 6 voltage variables can be written as 
where, C is the capacitance value of the SM (sub module), the formula (9) can be gotten according to (7) and (8)
The formula (10) indicates that the energy in the capacitor is proportional to the square of the DC voltage, so that the dispersed sub module capacitor can be equivalent to the DC side and the expression is
The power in MMC-STATCOM can be regarded as DC power after getting rid of the equivalent bridge arm inductance. Formula (11) can be gotten considering the balance of instantaneous power in MMC-STATCOM
Formula (12) can be gotten according to (7) and three-phase current balance condition
where, the expression of A matrix is s0 s0
The formula (13) can be gotten after Park transformation on the base of formula (12) 
The equivalent model of MMC-STATCOM is shown in Figure III 
III. CARRIER PULSE PHASE-SHIFTING MODULATION METHOD
CPS-SPWM mode combines the carrier phase shift (CPS-SPWM) and pulse phase shift (PPS-SPWM) which can guarantee at any time the number of the input sub-module in each phase is constant. There are two bridge arms in each phase of MMC-STATCOM and the number of SM in each arm is N. A-phase is discussed in this paper due to three-phase symmetry. The SMs in each bridge arm are numbered from top to bottom and i represents the ith SM in upper arm as well as j represents the jth SM in lower arm. The phase of triangular carriers, corresponding with N SMs in upper bridge arm, is followed by a difference of π . The frequency of sine modulation wave is 50Hz. As a result, the modulation mode in upper arm is traditional CPS-SPWM, but the pulses of each SM in lower arm are achieved through the complementary relationship with SM in upper arm. If N is even and i and j have the relationship of (15), the pulses of i and j are complementary.
If N is odd and i and j have the relationship of (16), the pulses of i and j are complementary. 
B. Inner Current Decoupling Control
The formula (17) can been got from formula (13)
So the AC component of formula (13) can be rewritten as
where, 
C. Sub-Module Voltage Control
In order to clarify the physical meaning of sub-modules voltage control, where the voltage control sub-module is divided into two parts, one is voltage control of the sub-module in the same phase, called the voltage equalization control; the other part is sub-modules voltage control between the three-phase, called average voltage control.
1) Average voltage control:
The average voltage is composed with outer loop voltage control and inner loop current control and the control system is shown in Figure VII . 
2) Voltage equalization control:
When the sub-module capacitor voltage instantaneous value is less than the rated value and the arm current is positive, the sub-module should put in charge to make the capacitor voltage increase; while the arm current is negative, the sub-module should be bypass.
When the sub-module capacitor voltage instantaneous value is greater than the rated value and the arm current is positive, the sub-module should be bypass to prevent the capacitor voltage is increased further; while the arm current is negative, the sub-module should be put in charge. In CPPS modulation, lower arm pulse signal can be got according to formula (15) (16) The voltage equalization control process shown in Figure VIII and the control strategy shown in Figure  IX . Figure I6 and Figure I7 show that the system is stable after two cycles when the load fluctuates suddenly and the reactive power of load is compensated totally. PCC voltage and current are in the same phase nearly, MMC-STATCOM changed the issue of inductive reactive power into the state of the absorption of reactive power and the control system can track the load changes quickly
VI. CONCLUSION
The MMC-STATCOM equivalent model is established in this paper. The arm inductance is equivalent to the AC output side and the sub-module capacitance is equivalent to the DC side. So, the relationship between the MMC-STATCOM capacitance and inductance parameters and traditional STATCOM parameters could be got. It simplifies the analysis of MMC-STATCOM dynamic characteristics. In addition, the CPPS modulation strategy is proposed, which simplifies the pulse modulation strategy and reduces the requirements for hardware storage. MMC-STATCOM control system is designed on the basis of MMC-STATCOM equivalent model and CPPS modulation strategy. And, the simulation in MATLAB/SIMULINK demonstrates the excellent characteristics of the control system.
